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Recently, the relationship between neurological disorders and neurotransmitters has received 
much attention. ¥/Jany studies have been reported about the changes of neurotransmitters and 
their metabolites in cerebrospinal fluid (CメF)in hydrocephalus, and it is presumed that 
neurotransmitters may play a role in the regulation of CSF dynamics. 
¥Ve injected kaolinum suspension into the cisterna magna of rats and created experimental 
hydrocephalus. Here 日 f define the acute hydrocephalic stage to be the seventh day after 
injection and the chronic to be the twenty-first day after injection. We made studies about 
the changes of muscarinic cholinergic receptors in experimental hydrocephalic rat brains using 
binding assay, macroautorndiography, and microautoradiography with 3H-quinuclidinyl benzilate 
(QNB), which has a high and specific affinity for muscarinic receptors. We also studied the 
changes of cholinergic neurons in experimental hydrocephalic rat brains by immunohisto-
chemical methods、・ithanti-choline acetyltransferase (CAT), the antibody for the synthetic 
enzyme of acetylcholine which is thought to exist only in cholinergic neurons. 
YI uscarinic cholinergic receptors were increased in acute hydrocephalus, and tended to 
normalize in chronic hydrocephalus but no change was observed in its distribution_ There 
seemed to be no difference in the number of CAT positive cells between normal and hydro-
cephalic rat brains, but in hydrocephalic rat brain, CAT positive cells were compressed by the 
dilated ventricles, and they might have fallen into hypofunction. 
Key wp.rds: Hydrocephalus, Neurotransmitter, Acetylcholine, Cholinergic neuron, M uscarinic receptor. 
索引用語： 7.1<頭症，神経伝達物質，アセチJレコリン，コリン神経，ムスカリン受容体．
Present address: Department of Neurosurgery, Kochi Medical School, N ankoku City, Kochi, Japan. 
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It is thought that muscarinic receptors were increased by some mechanism like denervation 
hypersensitivity because of the reduction of A Ch production or release. Recent advancement 
of PET or SPECT has made it possible to investigate the changes ot neurotransmitter receptors 
in human brain. Such biochemical examination may offer some information to assess the 






















た.pentobarbital sodium (50 mg/kg）腹腔内投与に
よる全身麻酔下に，山木らの方法IL従い69），後頭蓋寓
正中切闘を行い，手術用顕微鏡下に Kaolin溶液（100





2. 3H-QNB (quinuclidinyl benzilate）による










(2) 3H-QNB binding assay9""'•' 
大脳細胞膜成分に，種々の濃度（0.5～8.0mM）の
3H-QNB (1・Quinuclidinyl[phenyl-4-3H] benzilate, 
ethanol solution, speci凸cactivity 30 60 Cijmmolコ
ード番号 TRK604，アマーシャムジャパン）を加え，
25・cで60分間 incubateした． この際，＇HQNBが
muscarinic receptor以外の receptorと結合した non-
speci自cbindingの量を調べるため， 100μm atropine 
sulfateを加えた系も同時に測定した. incubationの
後，内容液を glass五ber五Iter(GF-B）を通して吸引
滅過し，五lterの radioactivityを liquidscintillation 
spectrometry (Tracor Analytic MARK皿）で測定し
た．細胞膜成分の蛋白量を bovineserum albuminを
標準として， Lowry法掛で定量し，細胞膜成分単位
Homogenized rat brain 
Centrifuge 





(Crude membrane preparation) 




muscarinic receptor に結合した量，すなわち speci抗c
bindingの量とした．





























5. 抗 cholineacetyltransferase (CAT）抗体を
用いた PAP法による cholinergicneuron 
の観察28ー 仙51'67》
ラットを ether麻酔下に関胸し， 左心室よりまず
4'C の生理食塩水 lOOml を濃流した．次に4%






少させるために blockingsolution (normal serum）を
加えて incubateし，さらに一次抗体（anti-CATanti・ 




1 . perfusion fixation with 4% paraformaldehyde (PFA) 
2. fixation in 4% PF A 
3.dehydration in 10% sucrose added 0.01M PBS 
4.dehydration in 15% sucrose added 0.01M PBS 
5.dehydration in 20% sucrose added 0.01M PBS 
6. frozen section 
7.rinsed in 0.01M PBS 
8. removal of intrinsic peroxidase 
9.rinsed in 0.01M PBS 
10. blocking solution 
1 . first antibody (antトCAT)
12.rinsed in 0.01M PBS 
13.second antibody 
14.rinsed in 0.01M PBS 
15. PAP solution 
16.rinsed in 0.01M PBS 





room temp. 30min 
4•c 5min×3 
room temp. 10min 
4°C 48hr 
4°C 5min×3 
room temp. 60min 
4°C 5min×3 
room temp. 60min 
4•c 5min×3 
room temp. 3Qmin 































O control (n=3) 
• hydr皿叩lalusCo＝日
100 
Fig. 3 Coronal section of rat brain. Control(above), 
acute hydrocephalus(middle), and chronic hy-
drocephalus(below）・
を示した（Fig.5, Table 2). 
3. macroautoradiography 
macroautoradiography により muscarinicreceptor 
の局在を調べたととろ，対照群ラットでは cerebral
cortex外側部， hippocampusの Cんから CAJpor-
ti onの外側部， dentategyrus, thalamus，町ostriatum,
olfactory tubercle に集積が認められた（Fig.6). Fig.6 
下段は 200μMの atropinesulfateを加えて，＇ H-
QNBの non-spesificbinding，つまり muscarinic
3 (week) receptor以外への結合をみたもので，乙れにより 3H・
Fig. 2 Changes of body weight of rats. QNBが高い特異性をもって muscarinic receptorと


















2 4 6 8 
(3H〕QNB(nM)
Speci品c3H-QNB binding to crude membrane 







[3H] QNB bound(pmol/mg・protein) 
Scatchard plot of 3H-QNB bind!ng to crude 





Dissociation constant (Kd) and maximal 
binding (B max) in rat brain. 
Ko （士250) Bmax (±250) 
0.200 （土0.012) 5.610 （土0.011)
0.172 (±0.015) 7.240 （土0.034)*
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Fig. 7 Macroautoradingraphy of normal and hydrocephalic rat brains. 
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Fig. 8 Microautoradiography of normal(left) and hydrocephalic rat cortex(right) (X200). 
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になってきている.m uscairnic receptor に関しては，
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る ChEがあるが， ChEは cholinergicneuron以外





細胞が Mynertnucleus にあるものが cerebra!cortex 




















































化を 3H-QNBによる bindingassay, macro-, micro-
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